Objective: To evaluate the flexure strength and flexure modulus of nano-filled dental composite after different storage conditions.
Introduction
Resin based composite (RBC) restorations are widely used in dental practice. The improved physical and mechanical properties of RBC, the good esthetics, and the ease of chair side application in addition to acceptable durability of these restorations have led to its high popularity in recent decades. Durability of dental composite restorations is influenced by multiple factors, some are related to materials composition such as resin matrix, filler type and filler loading and others are related to the technique and surrounding environment in which the material is functioning, and recurrent decay could be an additional contributing factor to composite failure [1] [2] [3] [4] [5] [6] [7] [8] .
Methods: Two nano-composite materials were investigated (Filtek Z350 and Tetric N Ceram). Composite bars (n=15) were prepared from each material using Teflon mold with the dimensions of (2 x 2 x 25 mm). Samples from each material were randomly subdivided into three groups according to storage condition (dry, distilled water, and thermo-cycled). Flexure test were performed under a load of 2 KN at a cross head speed of 0.25 mm/ min in a universal testing machine.
Conclusion:
Thermo-cycling, short-term dry or wet storage before mechanical testing did not influence the flexure properties of nano-composite.
Results:
There was no statistical significance difference in flexure strength and flexure modulus of the same composite material under different storage conditions (p<0.05). In addition, the flexure moduli of Filtek Z350 were significantly higher than Tetric N Ceram under all storage conditions (p<0.05).
Dental composite restorations in the oral cavity are subjected to temperature variations during function due to consumption of cold and hot foods and beverages [9] . However, in literatures, there are variable techniques of sample storage before mechanical testing. Composite test samples may be stored at room temperature, body temperature, or thermo-cycled to represent temperature variation in the oral cavity [7] [8] [9] [10] [11] [12] [13] [14] [15] 17] . In addition, water was used as an aging solution in several studies to mimic the wet environment in the oral cavity [4, [18] [19] [20] . Also, variability exists in the storage medium in different literatures. Prepared samples may be stored dry in closed containers or kept wet in distilled water, artificial saliva or different types of liquids [10] [11] [12] [13] [14] . These variations may influence material behavior and mechanical test results.
Some of these studies showed that water storage and thermo-cycling before testing may have a deleterious effect on mechanical behavior of resin materials [5, 21, 22] , while others show either no influence of these variables [8] or even improved mechanical properties after thermo-cycling [9] .
Testing of the same commercially available composite material by different investigators under different testing conditions, has resulted in different mechanical behavior of the same material. This can be attributed to many factors such as techniques of sample preparation, testing variables, testing environment and storage conditions before testing. Interaction between environmental conditions and inherent material properties may influence materials behavior, and testing dental materials under different environmental conditions will show different responses. How does a different storage condition influence the material behavior during testing is still an area of conflict, and selecting a dry or wet storage medium for test samples was not justified by some researchers in several investigations.
Aim of the present study was to investigate the influence of dry and wet storage and thermo-cycling on flexure strength and flexure modulus of nano-composite materials.
Null hypothesis:
I. There is no significant difference between tested nano-composite materials with regard to their flexure properties. II. Storage of composite samples in dry environment, wet in distilled water or thermo-cycling of the samples, before mechanical testing, will not influence flexure strength and flexure modulus of the tested composite.
Two nano-hybrid composite materials were used in the study, technical details are presented in table 1.
This makes the selection of the ideal storage condition to achieve standardized results, a controversial issue.
Aim
In order to minimize testing variables, in vitro testing of RBC should mimic the oral environment as much as permitted, in order to predict the mechanical performance of these materials under different clinically relevant conditions. However, close reproduction of oral environment during storage of test samples is challenging. The flexure strength (MPa) and modulus (GPa) were calculated using Bluehill 3 software.
Materials and Methods

Filler
After storage, dimensions of each specimen were determined with a micrometer accurate to 0.001 mm. Samples were subjected to three-point flexure test using a universal testing machine (Instron 5944, USA) with a span of 20 mm at a cross head speed of 0.25 mm/min and 2KN load.
Fifteen bar shaped samples were prepared from each composite material using a Teflon mold (2 x 2 x 25 mm 2 ) according to ISO 4049 and sandwiched between two celluloid strips and glass slides [23] . Samples were cured in four overlapping cycles 20 seconds each from both sides using Dentamirica, QTH curing light ((LITEX 682 Dentamirica, USA) with 7 mm curing tip at an output irradiance of 700 mW/cm 2 ; verified between samples using a radiometer (LITEX 682 Dentamirica, USA). Excess material was removed using abrasive paper (320 grit). Prepared samples were randomly divided into three groups (n=5) according to the storage condition. Group 1(Dry): stored dry in closed polyethylene container at room temperature (22 o C) for 7 days and used as a control. Group 2 (Wet): stored in distilled water for 7 days at room temperature. Group 3(TC): samples were subjected to 5000 cycles of thermo-cycling in distilled water at 5 and 55 o C for 30s each.
Statistical Analysis
Data collected and analyzed using SPSS (Version 20.0, IBM, and New York, USA). Data were subjected to two-way ANOVA to investigate the interaction between the dependent variable (Flexure strength or flexure modulus) and the independent variables (materials and storage condition), followed by one-way ANOVA and Tukey's post-hoc tests at p =0.05, to delineate areas of significance.
Mean values and standard deviation of flexure strength and flexure modulus are presented in table 2.
Results
Two-way ANOVA test revealed a significant influence of the material type (p=0.002) on the flexure strength values, however the storage conditions and the interaction between material and storage condition did not have a significant influence on flexure strength results (p >0.05).
On the other hand, the materials and storage condition were having a significant influence on flexure modulus (p<0.05), while the interaction between both were not showing a significant influence (p=0.05).
Turkey's post hoc test revealed that, there was no statistical significance difference in flexure strength and flexure modulus between different storage conditions for each type of composite material ( Filtek Z350 and Tetric N Ceram) (P > 0.05). And there was no statistically significant difference in flexure strength between different composite materials under the same storage condition (P>0.05).
Different alphabetical letters of the same case represent significant difference between different test groups in the same raw at p=0.5. The variations of temperature in oral cavity when consuming hot or cold food may influence mechanical behavior of different restorative materials [8] . Temperature in oral cavity during food consumption ranges from 1 o C to 55 o C [9] . Thermo-cycling is a procedure performed before mechanical testing of dental materials to simulate temperature variations during eating, drinking and breathing [24, 25] . In the present study, a total of 5000 cycles of thermo-cycling were applied to simulate long term aging of about 500 days in oral cavity condition [8] .
Discussion
However, there was a significant difference between flexure strength values of Filtek Z350 samples stored at dry condition and the thermo-cycled Tetric N Ceram materials ( P=0.01).
In addition, the flexure moduli of Filtek Z350 were significantly higher than Tetric N Ceram under different storage conditions (P < 0.05).
Results of the current work showed that the flexure strength of nano-composite was not influenced by different storage environments tested (dry, wet in distilled water or thermocycled). However, the materials difference significantly influenced the flexure strength and flexure modulus.
Water-induced degradation was attributed to two mechanisms, one mechanism via resin absorption of water which will result in matrix swelling and it will become weak and ductile [21, 26, 27] . However, water sorption and post-immersion resin expansion of composite resin show a wide variability in currently available composite materials [27] . The second mechanism of water degradation is through degradation of the silane interphase resulting in weakening of mechanical properties due to hydrolysis reaction that resulted in debonding of the filler particles from the resin matrix, this debonding may result in interfacial microcracks formation causing weakening of the composite material [26, 28, 29] . It has been found in previous investigation that, dehydration of the water stored samples recovered the mechanical properties, therefore, water acted as a plasticizer and when removed the strength properties were recovered [4] .
Aging of dental material before testing by immersion in water either with or without thermocycling is a common protocol for evaluation of material behavior under clinically relevant conditions. It has been established in previous investigations that water content will influence mechanical properties of resin based materials [21, 22, 26] . Therefore, the results of the present work requires rejection of the first part of null hypothesis in which different nano-composite materials showed significant difference in flexure properties, and acceptance of the second part of null hypothesis in which the storage condition did not influence the flexure properties.
Thermo-cycling in the present work did not deteriorate flexure properties of tested material. This was in accordance with the results of a previous study, in which 2000 cycles of thermo-cycling followed by immersion in beverages, did not influence the mechanical properties of nano-filled composite compared to conventional hybrid composite [8] . However, in another study, the influence of thermo-cycling on flexure properties was material dependent, in which most of tested materials showed increased flexure modulus after thermocycling [9] . The improved mechanical properties after thermo-cycling was inferred to the thermal stresses generated during thermo-cycling process and improve the bond strength between the composite components decreasing the space between polymer chains. Thus, diffusion of water molecules into the resin material will be reduced.
Results of the present work conflicts with previous studies in which water storage for 7 days and thermo-cycling did not influence flexure strength and flexure modulus [18, 27] . However, these results were in agreement with another investigation in which prolonged water storage influenced flexure strength of some tested materials and did not influence the flexure modulus of all tested composite materials and another investigation was confirming the present results in which thermo-cycling did not influence flexure properties of nano-filled composite [17, 30] .
In addition, previous work showed that the nano-clusters in nano-filled composite would influence the strength and reliability of the composite, irrespective of the storage and testing condition, which may explain the results of the current work [6, 26] .
Lassila., et al. found that the dehydration of test samples before testing will result in regain of the lost mechanical properties caused by the plasticizing effect of water [4] . This explains the results of the current work, in which the test samples were dehydrated after the 7 days storage period. Therefore, wet storage of test samples will not provide the intended wet environment simulation. However, in order to mimic the oral environment, the test of composite samples has to be performed to wet samples, under wet conditions.
Conclusion
In the present study, comparing the two composite materials at the same storage condition showed that Z350 had non-significant higher flexure strength when compared to TNC, and a statistically significant higher flexure modulus of Z350. The two composite materials used in the present study are similar in resin component and they differ in filler loading and filler type. This could explain the higher flexure properties of Filtek Z350 with 78.5wt% filler loading compared to Tetric N Ceram with 63.5wt% filler loading. This was in accordance with previous work, in which the flexure properties of Z350 were significantly higher than those for TNC and theses results were attributed to the differences in filler loading, composition and size [31] .
In addition, the insignificant influence of the ageing process utilized in the present work may be inferred to the short storage time. Seven days, therefore, did not allow sufficient time for the water-degradation to take place, however, previous study's water storage time was for 1, 7, 28, 90, 180 days, in which some composite materials showed lower flexure strength after 7 days of aging, while other composite materials showed lower flexure values after 28 or 90 days of aging [7] .
Therefore, for researches, if the prepared samples are to be tested within short storage period (7 days or less), there will be no difference in flexure behavior of the material. However, in order to mimic oral environment, materials should be stored in wet environment for longer period of time or subjected to more thermal cycles, and the testing of the samples should be performed under wet environment.
Within the limitations of the current work, it can be concluded that the flexure properties of different nano-composite materials are influenced by different material composition. Short term water storage or thermo-cycling, followed by dehydration, will not influence flexure properties of nano-filled resin based composite materials.
